The edible flesh of guinean tilapia (Tilapia guineensis), blackchin tilapia (Sarotherondon melanotheron) and mullet (Liza falcipinnis) were collected from Buguma River for elemental studies of cadmium, mercury, arsenic, lead, nickel and organometallic forms of elements using X-ray fluorescence (XRF) and Gas chromatography-mass spectrometer (GC-MS) respectively. The highest concentration of cadmium (1.7 mg/kg) was observed in Tilapia guineensis. They all contained about the same concentration of arsenic (0.5 mg/kg) and mercury (1 mg/kg). The Diethyldecycloxypentadecycloxysilane, diethoxydimethylsilane, diethyl(decycloxy)borane, dimethyl(2-naphthoxy)hexadecycloxysilane in Sarotherodon melanotheron and tetracarbonylnickel, carbonylborane, trimethylaluminum, dimethoxydimethylsilane, diethyl(decycloxy)borane, pthalocyaninedichloridegermanium in mullet.
Introduction
Cadmium, arsenic, lead and mercury are noted to have caused major human health problems all over the world [1] .
Cadmium inhibits membrane-bound enzymes [2] . This happens because at high concentrations cadmium forms a complex with sulphydryl groups in the active sites of enzymes which interfere with the formation of enzymesubstrate complex [3] . Cleland [4] suggested that treating cadmium toxicity with dithiothreitol (DTT) is better since it serves as a chelator and also restores sulphydryl groups. The largest source of arsenic as well as other metals is food. Specific examples of such food are seafood, poultry, rice and mushrooms [5] [6] [7] [8] .
Mercury has the ability to form methylmercury (MeHg) through microbe bio-transformation in fishes. Sometimes the accumulated form is several thousand times higher than the surrounding water [9] . Methylmercury is toxic and can easily be accumulated in the food chain [10] . Fish is a source of food for humans thus, methylmercury can be ingested through fish consumption. In the human body, methylmercury targets liver, kidney, the nervous system and prenatal life for its toxic effects [11] . It is reported that high lead concentration reduces aquatic population example, mussel [12] . It is also suggested that potato peel should be removed before consumption and that the quantity of leafy vegetables consumed per day should be reduced since they are much more prone to heavy metal accumulation [13] . It has been said that nickel toxicity effect in animals among others includes retarded growth and development [14] . WHO [15] has warned that many elements exists in different forms. Some forms are toxic while others are not.
This work was carried out to evaluate these elements and the organometallic forms present in these three fish species from Buguma River, Asaritoru Local Government Area, Rivers State, Nigeria.
Materials and Method

Study area
With a population of over 135, 000, Buguma is located 4.74 latitude and 6.86 longitude (See the arrow in Figure 1 
Sample analysis and quality control for x-ray fluorescence
The sample analysis with X-ray fluorescence was carried out at Fugro Nigeria Limited, Port Harcourt. The concentrations of cadmium, arsenic, mercury, lead and nickel were determined using X-ray fluorescence spectrometer in accordance with USEPA 6200. Fish samples were oven dried at 110°C for twenty hours. With the unwanted material like bones of fish etc. removed, the fleshy part of the sample was reduced to less than 2 µm diameter by crushing. Crushed samples were further pulverized (i.e. crushed until it becomes powder). They were then processed into pressed pellets, transferred to clean prolene foil and then into a sample vial, labelled, arranged in the sample tray and finally transferred to the sample compartment of the X-ray fluorescence equipment (SpectroXLabPro) and then screened for their elemental composition. The concentration of each element was obtained via a previously stored calibration with certified reference materials. Results were calculated automatically as the necessary sample details were computed in the software. The XRF excitation source was X-ray tube (synchrotron).
Matrix effect was corrected by grinding grain size to 25 µm, applying same standard used for calibration to run the sample and using mathematical modelTurboQuant (Lucas tooth) for calibration. The sample was analyzed multiple times to check reproducibility. The mean, standard deviation and mean errors were calculated automatically by the software. The five filters used for the analysis were Bragg crystal (HOPG), Compton/secondary (Molybdenum), Barkla Scatter (aluminum), Compton/secondary (palladium) and secondary target (K) (cobalt).
Sampling and sample preparation for GC-MS analysis
Two steps were involved in the GC-MS analysis. The first stage involved extraction while the second involved derivatization before the final chromatographing.
In accordance with IUPAC [16] , the scales were removed from fish with ceramic knife. The edible part was then cut with ceramic knife and then homogenized with mortar and pistol. Two grams of fish was collected. Then, 5 ml of 20% tetramethyl ammonia hydroxide (TMAH) was added to digest the fish which was immediately transferred to water bath at 60 o C for 2 hours. After 2 hours, the pH was checked to ensure it is between 6-8. Small quantities of
J Environ Sci Public Health 2017; 1 (1): 57-67
61 hydrochloric acid (HCl) were added to ensure the pH was within the required range. Then, 3 ml of 0.5 M sodium diethyldithiocarbamate (NaDDTC) was added. Afterwards, equal amounts of 1.5 ml of toluene and 1.5 ml of benzene were added. It was then agitated for 2 hours in a mechanical shaker.
In the second stage 5 ml of the sample prepared from step 1 was collected with the help of the syringe. A large balloon was filled with nitrogen. Then the air in the sample from step 1 was flushed with the nitrogen in the balloon for some minutes. With the flushing still on, 3 ml of n-Buthylmagnesium chloride (n-BuMgCl) and 2 ml tetrahydrofuran (THF) was added and then agitated for 10 minutes. Afterwards, 10 ml of 0.5M H 2 SO 4 was added to destroy excess Grignard reagent. Then the two phases that was produced were separated. The organic phase (i.e. milky part) was sent for GC-MS analysis. Table 1 shows the concentrations of cadmium, arsenic, mercury, lead and nickel in the three fish species while Figure 5 compares the elements. Table 2 : Organometallic compounds detected in the three fish species.
Results and Discussion
Results
X-ray fluorescence:
Discussion
Cadmium:
The concentration of cadmium in the edible flesh that was detected ranged between 0.4-1.7 mg/kg for the three fish species (See Table 1 ). The International Programme on Chemical Safety [17] has stated that cadmium exerts toxic effect on kidney, the skeletal system, the respiratory system and has also classified it as a carcinogen. It is readily accumulated in many organism especially, molluscs and crustaceans while lower concentrations are found in vegetables, cereals and starchy roots [18] . It recommends that the maximum safe amount of cadmium per month is 25 µg/kg body weight. This means that an adult weighing 60 kg should not take more than 1.5 mg of cadmium per month or 0.05 mg per day. This means that one weighing 65 kg should not consume more than 1.63 mg of cadmium per month. From Table 1 this is less than the concentration of cadmium in one kilogram of fish. Thus, suggesting that consumption of upto one kilogram of these fish species per month may be harmful. One may argue also that since the cadmium in the fishes are consumed in their complexed form it is safe. On the other hand, it may also be argued that consumption of other substances such as drugs etc. may lead to the release of cadmium from the consumed fish. However, one thing stands out in this finding and it is that there is the need for moderate consumption of these fish species from Buguma river where total abstinence is not possible.
Arsenic:
The concentration of arsenic in the edible flesh of these three fish species was 0.5 mg/kg for all the three fish species. Although this concentration appears low there is no known tolerable limit for arsenic in food [19, 20] . Therefore, moderation in the quantity of these fish species from this river that is consumed per day may be important.
Mercury:
The concentration of mercury in the three fish species was 1.0 mg/kg. Methylmercury was not detected. WHO [21] makes it clear that mercury in any form is toxic to human health and more particularly so to the developing child in the uterus and early life. This is because mercury damages the brain, kidney and lungs. The
European Union Commission Committee [22] recommends 0.5-1 mg/kg of mercury.
Lead:
The range of concentration of lead detected in the edible flesh of these three fish species is 1.7-4.8 mg/kg. Since there is no known level of lead exposure that is considered safe it may be important to abstain or moderate the quantity of these fish species consumed per day from this river.
Nickel:
The concentration of nickel detected in the edible flesh of these three fish species was 6.7-21.4 mg/kg. It is estimated that humans need 5-50 µg of nickel per day and that 4.2 µg of nickel per kilogram body weight per day come from food [23] . Racchelle [24] however, gives an upper limit of 1mg of nickel per day for adults from all sources. The recommendation of Racchelle also suggests that moderation may also be required in the consumption of these fish species from this river.
The organometallic compounds detected are shown in Table 2 . Nickel tetracarbonyl is the principal carbonyl compound of nickel. It is an known to be an extremely poisonous pale-yellow liquid. According to the Board on Environmental Studies and toxicology [25] it is fatal when absorbed through the skin or when inhaled due to its high volatility. It also stated that its LD 50 concentration is 3 ppm. However, for humans the fatal dose is 30 ppm. This is because the half-life of nickel tetracarbonyl is just 40 seconds and so, decomposes quickly in air [26] . Due to its low concentration and short half life it may not be expected to cause harm when ingested through fish consumption.
Conclusion
Although the fish species studied contain cadmium, arsenic, mercury, lead and nickel, the result suggests that the extent of toxicity depends on the quantity of any of these three fish species consumed daily. On the other hand, the presence of some elements without tolerable limits suggests that other fish sources may be required.
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